We reconstruct here the spatial and temporal evolution of the Campanula alliance in order to better understand its evolutionary history. To increase phylogenetic resolution among major groups (Wahlenbergieae-Campanuleae), new sequences from the rbcL region were added to the trnL-F dataset obtained in a previous study. These phylogenies were used to infer ancestral areas and divergence times in Campanula and related genera using a Bayesian approach to molecular dating and dispersal-vicariance analyses that takes into account phylogenetic uncertainty. The new phylogenetic analysis confirms Platycodoneae as the sister group of Wahlenbergieae-Campanuleae, the two last ones inter-graded into a well-supported clade. Biogeographic and dating analyses suggest that Western Asia and the Eastern Mediterranean have played a major role as centers of migration and diversification within the Campanula alliance, probably in relation to the intense orogenic activity that took place in this region during the Late Neogene, and that could have promoted isolation and allopatric speciation within lineages. Diversification rates within several Campanula lineages would have increased at the end of the Miocene, coinciding with the Messinian Stage. Strong selective pressures from climate changes and the expansion of mountainous regions during this period are suggested to explain the adaptation to drought, cold or disturbed environments observed in many Campanula species. Several independent long-distance dispersal events to North America are inferred within the Rapunculus clade, which seem to be related to high ploidy levels.
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Introduction
Phylogenetic reconstruction is nowadays an important tool for biologists to understand the processes governing organismal evolution. One aspect that has grown in importance is the reconstruction of divergence times and past biogeographical ranges. This is reflected in the plethora of new methods developed to infer the spatial and temporal evolution of organisms (Sanderson, 2002; Thorne and Kishino, 2002; Ree et al., 2005; Drummond et al., 2006) . Dating methods have evolved from the strict-molecular clock (Zuckerkandl and Paulin, 1965) to more realistic methods that use a ''relaxed clock" approach, which models the rate variation among lineages (e.g., Penalized Likelihood, Sanderson, 2002;  Multidivtime, Thorne and Kishino, 2002; Relaxed Phylogenetics, Drummond et al., 2006) .
Similarly, new biogeographical methods that allow incorporating the errors usually associated with phylogenetic and ancestral area reconstruction into the biogeographic inference have been developed (e.g., Ree et al., 2005; Moore et al., in press; Ree and Smith, 2008; Sanmartín et al., 2008) . Current analytical methods, including the widely popular dispersal-vicariance analysis method (DIVA, Ronquist, 1996 Ronquist, , 1997 , reconstruct biogeographic patterns on a fixed, fully resolved tree, thus ignoring the uncertainty in phylogenetic reconstruction (Ronquist, 2004) . This requirement can be problematic, since phylogenetic hypotheses are usually not fully resolved (i.e. polytomies) and may contain nodes that are better supported than others.
Recently, Nylander et al. (2008) have proposed a new Bayesian approach to dispersal-vicariance analysis (Bayes-DIVA) that averages DIVA biogeographical reconstructions over a Bayesian sample of trees reflecting the relative confidence (credibility values) on the different clades in the phylogeny. This method has the advantage that it allows uncertainty in phylogenetic relationships to influence ancestral area reconstructions, sometimes helping to reduce biogeographic uncertainty by favoring some areas (with higher marginal probability) over others (Nylander et al., 2008) . This is the first time that this approach is applied to a group of plants.
The Campanulaceae sensu stricto comprise about 600-950 species and 35-55 genera, and their allied families are the Lobeliaceae, Cyphiaceae, Cyphocarpaceae, Nemacladaceae, Pentaphragmataceae, and Sphenocleaceae (Cosner et al., 2004) . All these families are grouped as Campanulaceae sensu lato by some authors. The Campanulaceae s. str. have a nearly cosmopolitan distribution (Fig. 1) . Campanula L. is the largest genus of the family, with c. 350-500 species inhabiting a wide range of habitats in the Northern Hemisphere (Fedorov, 1957) . It is mainly distributed in Eurasia, and poorly represented in North America and Africa. A large concentration of Campanula species is found in the Eastern Mediterranean region and the Caucasus (Fig. 1) .
Taxonomic treatments within Campanulaceae differ depending on the author (see Cosner et al., 2004 for a review). Schönland (1889) defined three subtribes based on ovarian characters. Kovanda (1978) followed this classification. Later, Yeo (1993) upgraded these to tribal rank: Campanuleae, Wahlenbergieae and Platycodoneae. The tribe Campanuleae differs from tribes Wahlenbergieae and Platycodoneae in that the ovary is inferior and the capsule dehisces at the sides (indehiscent in few cases), while in Wahlenbergieae the capsule dehisces at the top. In Platycodoneae the carpels alternate with the sepals (Yeo, 1993) . Following this classification, Platycodoneae is monotypic, including only Platycodon. However, Thulin (1975) suggested that all taxa with colporate or colpate grains related to Campanula should be included also in Platycodoneae: (Campanumoea Blume, Canarina L., Codonopsis Wall., Cyananthus Wall. ex Benth., Leptocodon Lem. and Platycodon A. DC.). Recent phylogenetic analyses based on ITS-DNA sequence data and cpDNA gene order (Cosner et al., 2004) have confirmed that taking into account the pollen pores characteristics for the tribal classification makes this more natural. These studies show that the tribe Platycodoneae (including all the genera with colpate or colporate pollen) is the sister group of the tribes Wahlenbergieae and Campanuleae, which constitute together a well-supported clade (Cosner et al., 2004) . Recent works about the phylogenetic relationships of the genus Campanula and allied genera Cosner et al., 2004; Roquet et al., 2008) have shown that the tribe Campanuleae sensu Yeo (1993) should include also Edraianthus DC., which was originally placed in Wahlenbergieae (Schönland, 1889) because of its irregular fruit dehiscence. Following these studies, here we consider that Platycodoneae includes the genera with sepals alternating with carpels and colpate or colporate pollen, while Wahlenbergieae and Campanuleae show opposite sepals and porate pollen (Dunbar, 1975; Thulin, 1975; Yeo, 1993; Cosner et al., 2004) .
According to previous studies Shulkina et al., 2003; Cosner et al., 2004; Roquet et al., 2008; Stefanovic et al., 2008) , Campanula is paraphyletic in its current generic circumscription, with many satellite genera nested within it. Campanula appears divided into two main clades: a large core of Campanula species that includes related genera (Adenophora Fisch., Asyneuma Griseb. and Schenk, Azorina Feer, Campanulastrum Small, Diosphaera Feer, Edraianthus, Githopsis Nutt., Hanabusaya Nakai, Heterocodon Nutt., Legousia Durand, Michauxia L'Hér., Petromarula Vent. ex R. Hedw., Physoplexis Schur, Phyteuma L., Trachelium L. and Triodanis Raf.), plus a clade constituted by Musschia Dumort. and two Campanula species Roquet et al., 2008) . Characters related to flower morphology have proven to be of little usefulness in the natural delimitation of the group, as they are probably under strong selective pressures from pollinators (Roquet et al., 2008) . Fruit dehiscence has also been used as a diagnostic character by some authors, but Kolakovsky (1986) and Stefanovic et al. (2008) have shown that this character is homoplasic.
There has been considerable debate regarding the geographic origin of Campanulaceae. In their classic paper of angiosperm biogeography, Raven and Axelrod (1974) hypothesized an Old World For each area of distribution, the number of species belonging to the tribes Campanuleae (C), Wahlenbergiae (W) and Platycodoneae (P) is given inside a box; the number between brackets indicates the number of species present in the area that have been sampled for this study.
origin during the Paleogene. Hong (1995) suggested East Asia as the center of origin of the family, with the Mediterranean region and South Africa as secondary centers of differentiation and diversification within the family starting no later than the Cretaceous. In contrast, Bremer and Gustaffsson (1997) argued for a Gondwana origin for the family based on the current Southern Hemisphere distribution of many early diverging genera. Similarly, Eddie and Cupido (2001) suggested an African origin based on the present distribution of the closely related family Lobeliaceae. Eddie et al. (2003) hypothesized that Campanula and related genera evolved in the Mediterranean region, from where they rapidly spread over other Northern Hemisphere landmasses during pre-glacial times. Regardless of the postulated geographic origin, the great variety of distributions, ecological habitats, morphological characters, reproductive systems, and chromosome numbers exhibited by Campanula and allied genera (Roquet et al., 2008) suggests a history of high and rapid diversification and a complex biogeographic pattern.
Until now, attempts to estimate divergence times in Campanulaceae have been limited. In a large-scale study of angiosperms divergence times, Wikström et al. (2001) included one Campanula and one Codonopsis species, and obtained a divergence date of 41 million years ago (mya) for the split of those two genera. Codonopsis, Platycodon and Cyananthus form a basal group within Campanulaceae (Cosner et al., 2004) . A more specific study focused on the species of Campanula subsection Isophylla Damboldt (Park et al., 2006) dates the first diversification of the Campanula garganica Ten. complex within the Late Miocene. To date, no attempts have been made to date phylogenetic divergence within the main lineages of Campanulaceae or diversification events within Campanula.
Here, we explore the spatial and temporal evolution of the Campanulaceae s. str., and of the Campanula alliance in particular, by applying a Bayesian approach to molecular dating and dispersalvicariance analysis that takes into account phylogenetic uncertainty: biogeographic and temporal reconstructions are averaged among a Bayesian distribution of trees weighted according to their posterior probability (Nylander et al., 2008) .
Despite the analytical advances mentioned above, all current methods of biogeographic and temporal reconstruction still depend on the existence of a sound phylogenetic hypothesis for reliable and accurate inference of ancestral areas and divergence times. Previous phylogenetic hypotheses on Campanulaceae based on ITS Park et al., 2006; Roquet et al., 2008) , trnL-F and combined data (Roquet et al., 2008) provided a framework for the classification of the genus, but left the relationships among major groups (e.g., Wahlenbergieae-Campanuleae) unresolved, and disagreed in the position of some key genera, such as the relationship of Trachelium with respect to Campanula (Roquet et al., 2008) . To help resolve relationships within Campanula and to reconstruct the spatial and temporal evolution within Campanula and its close allies, we add here 78 new sequences from the rbcL region, 22 rbcL sequences obtained from GenBank and one new trnL-F sequence (of Gadellia Shulkina) to the dataset of Roquet et al. (2008) and increase the taxon sampling within major lineages in Platycodoneae and Wahlenbergieae.
Materials and methods

Taxon sampling
In order to help solve previously unresolved relationships and to obtain a consistent phylogenetic framework for dating and spatial reconstruction analyses, we sequenced the rbcL gene for Campanula species and related genera. Taxa were selected to represent the main lineages detected in previous molecular phylogenetic work based on less conserved markers Roquet et al., 2008) , and to include genera not sampled before with chloroplast markers (Merciera A. DC., Prismatocarpus L'Hér.). We have also increased the sampling for some genera (Wahlenbergia gloriosa Lothian, W. lobelioides Link).
For this purpose, we conducted phylogenetic analyses of 100 rbcL sequences. A total of 78 new sequences were produced specifically for this study, to which we added 22 sequences obtained from GenBank. Three sequences from Lobeliaceae, a family closely related to Campanulaceae (Cosner et al., 2004) , were included as outgroups. The 105 sequences of trnL-F produced in Roquet et al. (2008) plus one new sequence were also used to be combined with the rbcL data to conduct phylogenetic, dating and biogeographic analyses. Sources of material and location of vouchers are given in Table 1. 2.2. DNA extraction, PCR amplification and sequencing DNA was extracted from herbarium material or, in few cases, from silica gel-dried plant tissue by the CTAB method (Doyle and Doyle, 1987) modified following suggestions by Culling (1992) . We also used the ''Dneasy Ò Mini Kit" (Qiagen Inc., Valencia, CA) according to the manufacturer's instructions for difficult, old material.
The rbcL gene was amplified and sequenced in two overlapping fragments using the primers 1F/724 R (Olmstead et al., 1992) and 636F/1460R (Fay et al., 1997 (Fay et al., , 1998 . PCR amplifications were performed with the thermocycler PTC-100 TM Programmable Thermal Controller (MJ Research Inc.). The thermal cycling profile consisted of 1 min at 95°C; 5 min at 80°C, while DNA-polymerase (Ecotaq, Ecogen S. R. L., Barcelona, Spain) was added; 29 cycles of 1 min denaturing at 95°C, 30 s annealing at 50°C, and 1 min of extension at 72°C; with final extension of 7 min at 72°C. PCR products were cleaned using the ''QIAQuick Ò DNA cleanup system" (Qiagen Inc., Valencia, CA) according to the manufacturer's instructions. DNA sequencing of PCR-purified templates was done using reactions based on chemistry of ''Big Dye Ò Terminator v3.1" (Applied Biosystems, Foster City, CA) following the protocol recommended by the manufacturer. The products obtained were analyzed on an ABI Prism Ò 3730 PE Biosystems/Hitachi automated sequencer in the ''Serveis Cientificotècnics de la Universitat de Barcelona", and the chromatograms were edited with Chromas 2.0 (Technelysium Pty Ltd, Tewantin, Australia).
Phylogenetic analyses
Sequences of rbcL gene were aligned by eye using the text editor TextPad Ò 4.7.3, with no indel/deletion events detected. Bases 1-30, which formed the primer-binding region of the 1F primer, were excluded. Phylogenetic analyses were performed using Maximum Parsimony (MP) and Bayesian Inference (BI). The new trnL-F sequence was aligned manually with the other trnL-F sequences obtained in Roquet et al. (2008) . In order to investigate if there was significant incongruence between the rbcL and the trnL-F datasets, we performed a partition homogeneity test (Farris et al., 1994) with PAUPÃ 4.0b10 (Swofford, 2002) with 10 homogeneity replicates, 10 random-addition sequences, tree bisection-reconnection (TBR) branch-swapping on best trees and MulTrees option.
Phylogenetic analyses were conducted for three datasets: rbcL, trnL-F and the total-evidence combined matrix for both regions. Parsimony analyses involved heuristic searches conducted with PAUPÃ 4.0b10 (Swofford, 2002) with TBR branch swapping, MulTrees option in effect, 10 replicates of random addition-sequence and character states specified as unordered and unweighted. Bootstrap (BS) analyses were also performed to assess nodal support (Felsenstein, 1985) . We followed a similar approach to Lidén et al. (1997) , and carried out BS analyses with 1000 replicates, 10 random taxon addition with 10 replicates per replicate and no branch swapping. To explore the amount of phylogenetic signal, we calculated the Consistency Index (CI) (Kluge and Farris, 1969) and the Retention Index (RI) (Swofford, 2002) . Prior to the BI analyses, we determined the best-fitting model of evolution for the rbcL, trnL-F and combined data using the program MrModeltest 2.2 (Nylander, 2004) and the Akaike Information Criteria (AIC). The model selected for the three matrices was the General Time Reversible model with equal base frequencies with some sites assumed to be invariant and variable sites assumed to follow a gamma distribution (GTR + I + C, Rodríguez et al., 1990) . The model and parameter estimates were then used in the analyses conducted with MrBayes 3.1 (Huelsenbeck et al., 2001; Ronquist and Huelsenbeck, 2003) . We run two independent analyses with 10 6 generations saving one of each 100 trees. The first 2000 trees were eliminated before summarizing the posterior distribution.
Only the results from the combined matrix are shown here.
Dating analyses
Two relaxed-clock methods based on different statistical basis were used to reconstruct divergence times for the combined matrix: the Penalized Likelihood approach (PL, Sanderson, 2002) and the Bayesian Relaxed Clock (BRC, Kishino et al., 2001; Thorne and Kishino, 2002) . These two methods seem to be the most successful at finding optimal levels of smoothing to correct for rate heteroge- neity and they are also less sensitive to undersampling (Linder et al., 2005) . We used simultaneously multiple constraints such as minimum age (fossil) or maximum age constraints (geological events and independent molecular results) for both methods. Penalized Likelihood analyses were conducted with the r8s v.1.71 program (Sanderson, 2002) . This program assumes the tree topology and branch lengths provided by the user, and it does not provide any confidence intervals on the parameters. To obtain these intervals and account for both branch length and topological uncertainties, we applied an abbreviation of the Bayesian approach suggested by Lopez-Vaamonde et al. (2006): we randomly selected 100 trees from the Bayesian MCMC posterior distribution and conducted PL analyses on all 100 trees, each with its specific smoothing value (calculated by cross-validation). Each analysis was perturbed and restarted up to three times to avoid getting stuck on local optima. To summarize the ages obtained for each node of interest, we calculated the mode (the most likely value) and 90% highest posterior density (HPD) limits (credibility interval) for each estimate (Table 2 ; Annex 1, Supplementary material). The modes and 90% HPD were obtained by local density estimation using the program LOCFIT (Loader, 1999) , implemented in the ''R" statistical package (Ihaka and Gentlemen, 1996; see script in Lopez-Vaamonde et al., 2006) .
Bayesian dating analyses were performed with the PAML (Yang, 1997) and Multidivtime packages (v. 9/25/03; Kishino et al., 2001; Thorne and Kishino, 2002) . We used three programs: Baseml (PAML, v.3.14; Yang, 1997) , to estimate model parameters; Estbranches (v.8/5/03; Thorne et al., 1998) , to estimate the maximum likelihood of the branch lengths and a variance-covariance matrix; and Multidivtime (Kishino et al., 2001; Thorne and Kishino, 2002) , to perform a MCMC Bayesian analysis for approximating the posterior distributions of substitution rates and divergence times. To perform the MCMC analysis, we used the default settings of Multidivtime as recommended by Rutschmann (2005) . Multidivtime provides direct confidence intervals for all dated nodes. The 50% majority rule consensus trees obtained from the BI analyses of each marker were used for the Bayesian dating analyses.
Calibrations
We used four different calibration points to place minimal and maximal age constraints on internal nodes in the phylogeny. (1) A fossil seed found by Lancucka-Srodoniowa (1979) from the EarlyMiddle Miocene (c. 16 mya), described by the author as Campanula sp., and whose structure resembles those of Campanula and related genera such as Adenophora, Jasione L., Phyteuma and Wahlenbergia Schrad. ex Roth. The age of the fossil was used as a minimum age constraint for the node of the most recent common ancestor (mrca) to all the above-cited genera in the BRC analyses (node 95). For the PL analyses we used the fossil as a fixed age because otherwise the credibility intervals obtained were very large and the mean ages were unrealistically old in the deepest nodes, as already seen in the comparative study of Hug and Roger (2007) . (2) The sub-aerial stage of the oldest island of the Azores, Punta Delgada, is dated as 8 mya (Abdel-Monem et al., 1975) . This age estimate was used as an upper age constraint (''maximum age constraint") for the appearance of the endemic species Azorina vidalii (Wats.) Feer (node 59). (3) The age of the emerged part of Madeira (dated as being no more than 5.2 mya, Ferreira et al., 1988 ) was used as the upper limit for the appearance of Musschia aurea Dumort., endemic to Madeira (node 21). (4) A maximum age of 41 mya was set for the root node (node 96), based on the dating analyses of Wikström et al. (2001) .
Biogeographic analyses
The operational areas used in the biogeographic analyses were defined on the basis of the presence of one or more endemic taxa. In all the analyses, fourteen areas were used: A, Western Asia (from Anatolia to Iran, including the Caucasus); B, Eastern Mediterranean Basin; C, Western Mediterranean Basin; D, North Africa; E, Macaronesia; F, North and Central Europe; G, Eastern Asia; H, Central Asia; I, North America; J, East Africa; K, South Africa; L, Himalayan range; M, India (except the higher mountains area) and Indonesia; and N, Australia and New Zealand (Fig. 1) . The maximum number of ancestral areas was first unconstrained and then constrained to four (Ronquist, 1996) , which is the maximum geographic range of the majority of the species in the analysis. The second type of analysis proved more effective to reduce uncertainty in the biogeographical reconstructions and it is the only one presented here: it is equivalent to assuming that ancestral ranges were not more widespread than those of their extant descendants (Sanmartín, 2003) .
We used the recently developed Bayes-DIVA method (Nylander et al., 2008) to reconstruct ancestral distributions on the phylogeny of Campanulaceae and average DIVA parsimony-based biogeographical reconstructions over a Bayesian distribution of trees reflecting the relative confidence on the clades (Nylander et al., 2008) . Using scripts by Johan Nylander (Florida State University, personal communication), we first ran DIVA analyses (Ronquist, 1996 (Ronquist, , 1997 on each individual tree from the posterior probability distribution of the Bayesian MCMC analysis and then averaged ancestral area reconstructions across all trees for each node in a ''reference tree". Here, the reference tree was the majority rule consensus tree of the Bayesian MCMC stationary sample. When several equally parsimonious reconstructions at a given node (e.g., A/B/AB) were obtained, these were downweighted by 1/n, where n was the total number of alternative reconstructions at the node. Topologies in the Bayesian stationary sample are weighted according to their posterior probability, but only the Table 2 Estimated ages and standard deviation for the discussed nodes in the Campanulaceae s. str. phylogeny using Penalized Likelihood (r8s) and Bayesian Relaxed Molecular Clock (Multidivtime) with multiple calibrations for combined data. The node numbers correspond to the ones given in the chronogram (Fig. 3) . sd, standard deviation; LHPD, 90% lower highest posterior density limit; UHPD, 90% upper highest posterior density limit. * Indicates age constrained in this node, ** indicates age fixed in this node. trees in the Bayesian sample where the node is present are used in the summary reconstructions. This means that Bayes-DIVA reconstruction (i.e. pie charts in Fig. 3 ) conducts a ''node-by-node reconstruction" (Nylander et al., 2008) . 
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Results
Phylogenetic results of rbcL, trnL-F and combined data
Bayesian and Maximum Parsimony analyses yielded the same topology in the sense that relationships that were strongly supported (>70% BS; >0.90 PP) in one analysis were also found in the other. Independent and combined matrices yielded totally congruent results. Moreover, no significant incongruence between the two datasets was detected with the partition homogeneity test (P = 0.60). Fig. 2 shows the topology of the majority rule consensus tree from the Bayesian analysis of the combined matrix. Branch support (BS and PP) is also shown in Fig. 2 . Numeric results of the analyses of the combined matrix are summarized in Table 3 . Our results confirm previous relationships within Campanulaceae based on cpDNA gene order (Cosner et al., 2004) , ITS Park et al., 2006; Roquet et al., 2008) , trnL-F and ITS plus trnL-F combined data (Roquet et al., 2008) . Campanulaceae s. str. (sensu Kovanda, 1978; Cosner et al., 2004 ) is confirmed as a natural, monophyletic group, formed by all genera traditionally ascribed to tribes Platycodoneae, Campanuleae and Wahlenbergieae.
The tribe Platycodoneae appears as the sister-clade to the remaining Campanulaceae (Campanuleae and Wahlenbergieae), which constitute a monophyletic group (1.0 PP, 98% BS, Fig. 2 ), in agreement with cpDNA rearrangement data (Cosner et al., 2004) . The analyses also show a monophyletic group within Campanuleae, the Campanula core (1.0 PP, 70% BS, Fig. 2 ), which is divided mainly into the Rapunculus clade and the Campanula s. str. clade plus the Trachelium clade. However, the analyses failed to recognize the monophyly of the Campanuleae and of the Wahlenbergieae, with the two tribes appearing inter-graded. The Wahlenbergieae are divided into two main branches that form a polytomy with the Campanula core and the Musschia clade: the branch of Jasione and Wahlenbergia hederacea plus Feeria Buser and the clade formed by Wahlenbergia gloriosa, W. lobelioides, Roella L., Prismatocarpus and Merciera (Fig. 2) .
The Campanula core appears divided into the Campanula s. str. clade (1.0 PP, 71% BS, Fig. 2 ) and the Rapunculus clade (1.0 PP, 87% BS, Fig. 2) . Unfortunately, the combination of rbcL and trnL-F could not resolve the position of the Trachelium clade with respect to Campanula: there is no bootstrap support for its placement in the phylogeny in respect to the two main clades of Campanula (Fig. 2) .
The Rapunculus clade includes two main subclades. The first one, the Rapunculus clade 1, includes a central core of species and one basal clade, which corresponds to two species belonging to the genus Adenophora and Campanula fastigiata Dufour ex Schult. The core is formed by the assembly of the subsection Isophylla and the sections Heterophylla (Witas.) Fed. and Rapunculus (Fourr.) Boisier (1.0 PP, 76% BS, Fig. 2) . The Rapunculus clade 2 shows a heterogeneous core (1.0 PP, 76% BS, Fig. 2 ) including taxa distinct in morphology, distribution and habitat: Asyneuma, Petromarula, Phyteuma, Legousia, Triodanis and Campanulastrum. The groups of Campanula prenanthoides Durand, C. aparinoides Pursh and C. stevenii M. Bieb. branch off sister to these taxa (Fig. 2) .
The Campanula s. str. clade has good support (1.0 PP, 71% BS, Fig. 2 ) and includes Azorina, Diosphaera, Edraianthus, Michauxia and many species of Campanula. It shows three main subclades: the large Campanula s. str. clade 1 including the core of Campanula s. str. and the genera Edraianthus and Michauxia (1.0 PP , Fig. 2) ; a second subclade (Campanula s. str. clade 2) formed by some species of the subgenus Megalocalyx plus the monotypic subgenus Sicyocodon (Feer) Damboldt (1.0 PP, 84% BS, Fig. 2 ) and the branch of Diosphaera rumeliana (Hampe) Bornm.; and a third subclade (Campanula s. str. clade 3) formed by Azorina, a part of Campanula subgenus Megalocalyx Damboldt, the subgenus Roucela (Feer) Damboldt, the group of C. mollis L. plus C. dimorphantha Schweinf. and C. polyclada Rech. f. & Schiman-Czieka (1.0 PP, 94% BS, Fig. 2 ).
Biogeographical and dating analyses
The ages estimated from combined data with PL and BRC yielded similar results with few exceptions, and credibility intervals largely overlap. All calibrations produced almost coincident results except for the Platycodoneae clade (Canarina, Codonopsis, Cyananthus and Platycodon) and the root node (see Table 2 ). Optimal smoothing levels (k) obtained with the PL approach for 100 different Bayesian trees varied considerably, from 0.032 to 320, but most of them (80%) were intermediate (between 0.32 and 3.2), suggesting a moderate rate heterogeneity among lineages (Sanderson, 2002) . Mean age estimates and their credibility intervals for each node and dating method are given in Annex 1 (Supplementary material). Table 2 reports dating results for the nodes discussed in the text.
The Bayes-DIVA analysis suggests a complex biogeographical history involving several events of intercontinental dispersal and a history of rapid diversification in the Mediterranean Basin (Fig. 3) . Bayes-DIVA analysis (Fig. 3) indicates considerable ambiguity regarding the origin of the Campanulaceae. Basal diversification (the split between Platycodoneae and CampanuleaeWahlenbergieae) is dated around the Late Oligocene-Early Miocene (37.4-23.5 mya, node 96, Fig. 3 , Table 2 ). The ancestral area of the Platycodoneae is reconstructed as Asia or Asia plus Macaronesia, with the African-Macaronesian genera Canarina and the Eastern Asian Platycodon as the sister group of the Central Asian Cyananthus and Codonopsis. Diversification within this tribe is dated as starting c. 26.3-15.8 mya (node 17, Fig. 3, Table 2 ).
According to our reconstruction, the ancestor of Campanuleae and Wahlenbergieae could have originated around the Middle Miocene (16-16.7 mya; node 95, Fig. 3, Table 2 ), in the Western Mediterranean region or in Western Mediterranean and Anatolia (Fig. 3) .
Ancestral reconstructions for the Musschia clade point to an Anatolian ancestor that extended its distribution to the whole Mediterranean and Macaronesian areas between the late Miocene and the Pliocene (node 23, Fig. 3, Table 2 ). Ancestral area reconstructions for the Campanula core suggest also a Mediterranean ancestor, with only Western Asia or Western Asia combined with the whole Mediterranean and North Africa as the most likely ancestral areas (Fig. 3) . Divergence times place the start of the diversification within the Campanula core (i.e. the separation of the Trachelium, Campanula s. str. and Rapunculus clades) during the Middle Miocene (14.7-13.7 mya, node 93, Fig. 3, Table 2 ).
The ancestor of the Trachelium clade is reconstructed as distributed in two or more Mediterranean areas, with first diversification in the Middle Miocene (Fig. 3, Table 2 ). This genus is found in the Western Mediterranean and North Africa. Biogeographic analyses Table 3 Numeric results from combined data. Consistency and retention indices and divergence were calculated excluding non-informative characters. Ã RAM limit computer was reached at this value.
Data set
Combined (rbcL + trnL-F) Table 2 . The pie charts represent the relative probability of ancestral areas reconstructed for each node over a Bayesian stationary sample of trees. The first four areas with highest probability are colored according to relative probability in the following order: white > red > blue > gray; and the black portion represents reconstructions with a probability <0.10. Letters next to pie charts and terminals correspond to areas of distribution with codes as in Fig. 1 . Ancestral area reconstructions are only indicated for nodes with phylogenetic support (PP equal or greater than 0.90, and/or BS equal or greater than 70%).
suggest an origin in Western Asia combined with Western Mediterranean and/or North Africa. However, depending on the molecular marker used, Trachelium is situated in very different positions: basal to the Rapunculus clade (rbcL), sister to the Campanula s. str. clade (ITS, Roquet et al., 2008) ; or as the sister group of both clades Rapunculus and Campanula s. str. (trnL-F; trnL-F plus rbcL combined, Figs. 2 and 3) . The incongruent phylogenetic signal between the three markers could be attributed to past hybridization events between species belonging to the two main Campanula clades. The Eastern Mediterranean region is the most probable ancestral area for the Campanula s. str. clade (node 61, Fig. 3 ), whereas the most favored reconstruction for the Rapunculus clade (node 91 Fig. 3) is Western Asia. Main diversification within these subclades started in the Late Miocene (10.6-12.6 mya for the Campanula s. str. clade, node 61, Fig. 3, Table 2 ; 11.5-10.8 mya for the Rapunculus clade, node 91, Fig. 3 , Table 2 ).
The Campanula s. str. clade 1 is assigned to Western Asia as the most probable area, followed by Eastern Mediterranean plus Western Asia; only Eastern Mediterranean; and the three areas combined as other possible ancestral distributions (Fig. 3) . Divergence times place the start of this radiation in the Late Miocene-Pliocene (5.1-9.6 mya, node 51, Fig. 3 , Table 2 ). The other two smaller clades of Campanula s. str. are assigned to a large combination of areas: clade 2 is reconstructed as having a Mediterranean origin (node 31, Fig. 3 ), whereas clade 3 shows a possible vicariance between Eastern Mediterranean and Eastern Africa and/or Central Asia (node 60, Fig. 3 ). Within Rapunculus, the origin of clade 1 is assigned to Western or Eastern Mediterranean, whereas the most probable ancestral area reconstruction indicates an Anatolian ancestor that reached North America.
It is interesting to note that several taxa within the Rapunculus clade 2 exhibit large differences in flower morphology (Asyneuma, Campanulastrum, Legousia, Petromarula and Phyteuma). The separation of these taxa is dated as 8.7-9.3 mya (node 71, Fig. 3 , Table 2 ), whereas the split between the ancestor of Campanulastrum, Triodanis and Legousia is dated as 3.8-4.6 mya, (node 67, Fig. 3, Table 2 ).
Discussion
Origin of Platycodoneae, Wahlenbergieae and Campanuleae
Previous molecular phylogenies of the Asterales (e.g., Cosner et al., 1994; Gustafsson and Bremer, 1995; Bremer and Gustaffsson, 1997; Lundberg and Bremer, 2003) indicate that this order is composed of several families/subfamilies including Campanulaceae, Stylidiaceae and Lobeliaceae, many of which have a Southern Hemisphere distribution. The apparently African origin of the Lobeliaceae (included within Campanulales), as well as the mainly Southern Hemisphere distribution of the tribe Wahlenbergieae, have led some authors to hypothesize that the Southern Hemisphere is also the ancestral area for the Asterales (Bremer and Gustaffsson, 1997) .
Our phylogenetic hypothesis confirms that the Platycodoneae (including all taxa with colporate or colpate pollen grains, i.e. Canarina, Codonopsis, Cyananthus, and Platycodon) are sister to the rest of Campanulaceae in agreement with molecular data Cosner et al., 2004) and morphological data (Thulin, 1975) . This tribe is distributed in two main areas: (1) Eastern Africa and Macaronesia (Canarina) and (2) Central and Eastern Asia (Codonopsis, Cyananthus and Platycodon). Cosner et al. (2004) proposed an Asian origin for the Platycodoneae based on the position of the genus Platycodon within the tribe. Despite some ambiguity, our results suggest also an Asian origin for the tribe, with possible dispersal to the African region in Canarina, or an Asian-African origin. The small genus Canarina is distributed in Eastern Africa (C. abyssinica Engl., C. eminii Asch. & Schweinf.) and Macaronesia [C. canariensis (L.) Vatke]. Although no African species of Canarina could be included in this work, a new molecular study (Olessen, unpublished) suggests that the two African species are the sister group of the Macaronesian C. canariensis. Considering geographic distance and the recent origin of the Macaronesia archipelago (maximum 20 mya, Abdel-Monem et al., 1971 Ferreira et al., 1988) it seems more plausible to hypothesize that Canarina originated in Africa (from Asian ancestors) and later dispersed to Macaronesia. Alternatively, Canarina canariensis can be a relict derived from an extinct species from a continuous, cross African flora.
The combined tree shows the Wahlenbergieae and Campanuleae inter-graded (see also Cosner et al., 2004) . According to Eddie et al. (2003) , Campanuleae should include genera of the Northern Hemisphere, while Wahlenbergieae should contain mainly Southern Hemisphere taxa. Thulin's definition (1975) (Lammers, 1992) . Other taxa sometimes included in Wahlebergieae (Kovanda, 1978; Yeo, 1993) are: Jasione (circum-Mediterranean), Feeria (North-Western Africa) and Wahlenbergia hederacea L. (which does not form a monophyletic group with the other Wahlenbergia species included in this study). Our combined phylogeny shows Wahlenbergieae divided into two main clades: the branch formed by Wahlenbergia lobelioides, W. gloriosa, Roella, Merciera and Prismatocarpus, mainly distributed in the Southern Hemisphere, and a clade comprising Jasione and Wahlenbergia hederacea, plus the branch of Feeria, which are mainly distributed in the Mediterranean Basin. Bayes-DIVA reconstructions for these two clades are ambiguous, but in general the ancestral area reconstructions for the Jasione clade favors the whole Mediterranean Basin as the ancestral area, whereas all possible reconstructions for the Wahlenbergia clade include South Africa as part of the ancestral area -the genus Wahlenbergia is specially rich in species in this area (150 species, Fig. 1 ). The ancestor of Wahlenbergieae and Campanuleae is most likely reconstructed as being of Western Mediterranean or Western Mediterranean plus Western Asian origin, and the first split between Wahlenbergieae and Campanuleae would have occurred in the Early-Middle Miocene (node 95, Fig. 3 , Table 2 ).
According to the geographic distributions of Platycodoneae, Wahlenbergieae and Campanuleae, the ancestor of the family Campanulaceae could have originated in Africa and migrated to Asia, or diverged first in the Asian continent, dispersing later to Africa and the Mediterranean region. Similar movements between Asia and Africa, generally involving the Middle East and Levante regions, have been found in many other groups of organisms, including plants (Mummenhoff et al., 2001; Oberprieler, 2005; Inda et al., 2008; Mansion et al., 2008) mammals (Vrba, 1993; Cox and Moore, 2005) and passerine birds (Voelker, 1999; Nylander et al., 2008) . These dispersal events have been attributed to the formation of a new dispersal route between Eurasia and Africa across the Levante region following the Mid-Miocene collision (16 mya) of the Arabian Plate with Eurasia (Sanmartín, 2003; Oberprieler, 2005) . They could also have resulted from the cooling and drying trends in the climate during the Late Neogene that led to the development of open, steppe habitats in South-Western Asia and Eastern Africa Raven, 1972, 1978; Retallack et al., 1990; Vrba, 1993; Jacobs, 1999; Fernandes et al., 2006) similar to those where many Campanula species are found today. Thus, early diversification in Campanulaceae (the split between Platycodoneae and Wahlenbergieae-Campanuleae is dated as 37.4-23.5 mya, node 96, Fig. 3 , Table 2 ) may have been triggered by geographic expansion into new areas during the Neogene, favored in turn by the availability of a new dispersal route between Africa and Eurasia via Arabia and the expansion of grassland biomes in these regions from the Miocene onwards.
Diversification within the Campanula core
The split of the three main clades in the Campanula core (Campanula s. str., Rapunculus and Trachelium) is dated as Middle Miocene (14.7-13.7 mya), coincident with the gradual cooling of the climate that began 15 mya and lasted until 13 mya (Flower and Kennett, 1994) . These cooling trends led to an important sea level fall 14.8-11.2 mya associated to the rapid expansion of the Antarctic Ice sheet . This fall closed the Tethyan seaway, connecting the current Mediterranean Sea and the Indian Ocean, increasing the land in the Eastern Mediterranean and connecting areas previously separated in the Mediterranean, the Caucasus and the Western and Central Asia. The rising of mountains in these new continental sheets may have favored the diversification and expansion of the ancestors of Campanula. Increasingly cooler climates from the Middle Miocene onwards may also have favored diversification within Campanula, a coldadapted genus whose highest species richness occurs in high steppes and mountain ranges (Fedorov, 1957) .
The main clades of Campanula, Rapunculus and Campanula s. str., seem to have originated and evolved in the Eastern part of the Mediterranean Basin -the Balkan Peninsula in the case of Campanula s. str. and the Anatolian region in the case of Rapunculusaround the same period (10.6-12.6 mya, node 61; 10.8-11.5 mya, node 91; Fig. 3 , Table 2 ), these two areas sharing today a high number of Campanuleae species (Fig. 1) . The main subclade in Campanula s. str., a large non-resolved polytomy of perennial and monocarpic species, also originated in Western Asia and/or the Balkan Peninsula during the Late Miocene (9.6-5.1 mya, node 51, Fig. 3, Table 2 ), from where it dispersed to other regions. Two reasons may have favored diversification in this area: (1) The strategic position of Anatolia between Europe and Asia has probably made this area a crossroad from which species could migrate to North Africa, Central-Northern Europe and Asia. (2) The intense orogenic activity that took place in Western Asia during the Late Miocene onwards -as a result of the collision of the Arabian Plate with Eurasia -would have favored isolation of lineages promoting allopatric speciation (Sanmartín, 2003) . Moreover, the fact that Pleistocene glaciations affected Western Asia to a limited extent could have favored Anatolia as a refugial area for many temperate organisms (Davis, 1965) .
The low phylogenetic resolution of Campanula s. str. clade seems not to be due to too slow-evolving markers, as Roquet et al. (2008) obtained a similar topology with the fast-evolving region ITS. The big polytomy in Campanula s. str. clade 1 can be explained by a rapid radiation in Western Asia, from 5 to 10 mya, a time with intense orogenic activity, due to the movements of the Arabian plate (Quennell, 1984; Steininger and Rögl, 1984) . Climate changing trends might have affected insect communities, which seem to have exercised a strong selective pressure in floral aspects of Campanula (Roquet et al., 2008) . Pollinator availability (e.g., butterflies, bumblebees, sirphid flies) would have selected in favor of different flower morphologies in the three main clades: tubular corollas in the Trachelium clade; hanging-campanulate corollas, predominant in the Campanula s. str. clade; and the heterogeneous shaped-corollas found in the Rapunculus clade (Roquet et al., 2008) .
The diversification of the clades Campanula s. str. 2 and 3 dates back to the late Miocene (nodes 31 and 60, Fig. 3, Table 2 ). Most species included in the clade 3 are dry-tolerant annuals and short-lived perennials, and some of them (the species from the subgenus Roucela: C. creutzburgii Greuter, C. drabifolia Sibth. and Sm., C. erinus L. and C. pinatzii Greuter and Phitos) are endemic to the Aegean islands and the Greek and Turkish coasts. Apart from that, clade 3 includes two pairs of East-West disjunct taxa such as Campanula polyclada (Iran-Pakistan), sister to Azorina vidalii (Azores), and C. balfourii Wagner and Vierh. (Socotra) sister to the clade of C. mollis, C. filicaulis Dur. and C. dichotoma L. (NorthWestern Africa and South-Western Europe). These patterns can indicate that these species are derived from a widespread ancestor that disappeared from North Africa due to climatic fluctuations in this area. As indicated before, Canarina, with two species in Eastern Africa and one in Macaronesia, presents a similar disjunct pattern. There are at least 15 genera or sections of angiosperms that exhibit similar geographical disjunctions between Macaronesia/Mediterranean Basin and East/South Africa/Southern Arabia (reviewed by Andrus et al., 2004) . The increase in precipitation during certain periods of the Pliocene would have wiped out a great part of the desert and permitted the exchange and expansion of species along areas now isolated by the Sahara (Quézel, 1978) .
Migration to North America
At least four arrivals to North America are inferred within the Rapunculus clade. One concerns the ancestor of Campanula prenanthoides and C. aparinoides: the first is native to slopes near coniferous forests of Western North America and the second is found in wetlands of the Northern Great Plains. These two sister-species are placed basally within the Rapunculus clade 2, whose ancestor is reconstructed as already widespread in Western Asia and North America 10.8-11.5 mya (node 91, Fig. 3 , Table 2 ). Migration between Asia and North America could have been possible via the Beringian Land Bridge (Wolfe, 1975; Tiffney, 1985; Sanmartín et al., 2001) , which began to cool down significantly from the Middle Miocene (15 mya) onwards (Milne, 2006) . Many Campanula taxa are adapted to cool and dry conditions. Increasing cooling of the Beringian Land Bridge in the Late Miocene would have lead to vicariance speciation of Old and New World populations of the Rapunculus clade 2 around 10-11 mya, coinciding with the most prominent temperature decrease of the Miocene (Mosbrugger et al., 2005) .
A recent example of dispersal to North America is the circumpolar Campanula rotundifolia L. (node 77, Fig. 3 ), a very polymorphic species characterized by polyploidy superimposed on segmental chromosome rearrangements and with numerous infraspecific taxa (Bocher, 1960) , which may have been promoted by glacialinterglacial cycles, when population underwent episodes of isolation in small enclaves during periods of extremely adverse conditions (Murray, 1995) .
At least one long-distance dispersal event from the Mediterranean area to North America seems to have occurred in the Rapunculus clade 2: the ancestor of the Mediterranean-Asian Legousia, and the North-American endemics Triodanis and Campanulastrum would have dispersed from the Mediterranean region to North America. Legousia is a drought-tolerant annual, with rotate autogamous flowers which presents a large distribution in Eurasia and Africa. The separation of Legousia from the ancestor of Campanulastrum and Triodanis is dated here as 3.8-4.6 mya (node 67, Fig. 3 , Table 2 ), when the terrestrial connection between Asia and North America did not existed anymore (Milne, 2006) . Similarly, the Eastern North America distribution of Campanula divaricata Michx. and its recent age of origin (3.7-4.5 mya, node 80, Fig. 3, Table 2 ) suggests another long-distance dispersal event within the Rapuculus clade.
Only plant species bearing seeds with very low falling velocity (e.g., plumed seeds and dust-like seeds) are dispersed over long distances in appreciable numbers (Tackenberg et al., 2003) . The seeds of bellflowers (Campanulaceae) seem to be streamlined to facilitate wind dispersal (Emig and Leins, 1996; Maier et al., 1999; Kuss et al., 2007) . They are dust-like seeds, egg or spindleshaped, somewhat compressed and in some taxa with a narrow wing. They are released from capsules by wind under dry conditions, and a part of them fall on leaves, bracts or sepals if the wind speed and turbulence are weak.
Although seeds are very similar in all Campanula species (Shetler and Morin, 1986) , only members of the Rapunculus clade are present nowadays in North-America. This clade presents much more heterogeneity in chromosome numbers, basic numbers and ploidy levels than Campanula s. str. clade (Gadella, 1964) . Stebbins (1966) pointed out that aneuploid reduction in chromosome number and polyploidy are characteristic of many species groups which occupy pioneer habitats. These characteristics might be one of the factors involved in the success of this group to settle several times in the New World.
Conclusions
Biogeographic and dating analyses suggest that Western Asia and the Eastern Mediterranean region (Anatolia, Balkans) played a major role as centers of migration and diversification within the Campanula alliance. This is probably explained by the intense orogenic activity that took place in this region during the Late Neogene, and which could have promoted isolation and allopatric speciation within/among lineages. This result confirms similar trends found in other plant groups (e.g., Oberprieler, 2005; Fiz et al., 2008; Inda et al., 2008; Mansion et al., 2008) pointing out the role of SW Asia and the Eastern Mediterranean Basin as evolutionary cradles for lineage diversification.
Rates of species diversification within four of the five Campanula clades (Campanula s. str. clades 1 and 3, and Rapunculus clades 1 and 2) seem to have increased during the Messinian salinity crisis. During this period, drought and erosion were more intense and may have promoted diversification in annual, xeromorphic and other pioneer lineages (Bocquet et al., 1978; Kellogg, 2001) . These climate changes and the expansion of mountainous regions probably would have led the ancestors of several Campanula lineages to adapt to disturbed, dry or cold environments.
Finally, our study confirms a complex biogeographic history of Campanula, with repeated events of allopatric diversification, followed by range expansion and posterior isolation to give rise to new endemisms, as well as several long-distance (independent) dispersal events to Macaronesia and North America, the latter restricted to the Rapunculus clade and species with high ploidy levels.
